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ABSTRACT 
Algal samples were collected from a diverse range of aquatic 
habitats in the Durham area, with pH values ranging from 3.2 - 9*2, 
and their acid tolerance in culture was investigated. The pH ranges 
of occurrence of species in the f i e ld were tabulated and their abil ity 
to survive in culture at pH 3*3 recorded. The results reveal that 
some species are restricted to low pH environments among the samples 
taken, whereas other acid tolerant species can also be found at 
normal or high pH sites . 
Acid tolerance was found not to bB specific to any particular 
algal division, the only common division not represented among 
acid tolerant species being the Cyanophyta. This i s in agreement 
with results of investigations in America. 
Comparison of species found to be acid tolerant from environments 
other than minewater drainages, with the f lora of an acid minewater 
drainage at Brandon, suggests that pH is probably the major factor 
determining the f lora of the latter, rather than pH-independent 
factors characteristic of minewater. 
Evidence was found showing that tolerance of low pH conditions 
i s a characteristic of particular species to a considerable extent, 
and samples of these species taken from quite alkaline environments 
were found tp survive at low pH in .culture. However, there i s also 
some evidence for the occurrence of adaptation within a species and 
this may be important. 
No clear patterns emerged from a f loral comparison of the Brandon 
Acid Streams catchment area and the surrounding countryside. 
Some experiments on transport of algae by a i r were carried out, 
but limited data were collected. I t appears that the Acid Stream 
species are not common among the algae in the a ir a short distance 
from the Stream. 
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1*1 Distribution ana $±mmm& of algae. 
The factors controlling the distribution of algae are many 
and complex ant, although algal ecology has been studied for ever 
f i f t y years, the difficulties involved in determining the relative 
importance of each of these factors have greatly impeded advancement 
of understanding in this f i e ld . 
In an early paper, STRfik (1924) reports that many algae are 
cosmopolitan in occurrence, although geographical localization i s 
noticeable in some cases, especially for some desmids. Since then, 
a great deal of research into the classification of particular f lora l 
oontnunities typical of particular environments has been carried out 
(BOTCHER, 1933J BLUM, 1956). The f ield is reviewed by LUMD (1965). 
More recent work, based mainly on laboratory culture experiments, en 
the effects of many environmental factors including calcium 
concentrations, nitrogen availability, pH and temperature, i s 
presented in a comprehensive review by MOBS (1972, 1973a, b, o). 
He compares the effects of these factors on eutrophic and ©lig©trophic 
algae. Elucidation of the roles of these diverse environmental 
factors i s , and wi l l be, of ever-increasing importance in the f ie ld 
of water management* 
Although great steps forward have been made in the above f ie ld , 
very l i t t l e research has been carried out into the factors influencing 
and controlling the dispersal of algae. These dispersal mechanisms 
may well be of great importance in explaining their distribution 
patterns, but often no obvious patterns emerge from studies of the 
colonisation of new water bodies (TALLING, 1951). Only over the 
last fifteen years has progress been made in this f i e ld . 
A paper on the topic in general was published by MAGUXR1 
(1963) bat most ef the available data are concerned with the rSles 
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of specific animals in the dispersal of algae. Studies en 
waterfowl have shown these to lie capable of carrying viable algae 
internally for considerable periods (ERGOTQR, 1959} SGHLICH]?33i&, 
1960) although A3XIUS0N (1970), in a specifio study of a planktonio 
diatom Asterionella forme aa, finds no evidence for internal transport 
of viable cells of this species. 
A considerable amount of work done in Texas and Mortal 
Carolina h«AS; shewn that certain insects are capable of carrying 
viable algal cells for considerable distances (HEVXLL et a l p 1967), 
and MHUGJSR & SOHLICKCIKO (1968) demonstrate that transport of 
algae in the gut of an aquatic beetle may be exceedingly important* 
Litt le research appears to have been carried out on the dispersal 
of algae solely by wind currents. SCHLICHTIUG (19&*-) reviews the 
problem and JAWORSKI & LTJND (1970) studied Aaterienella foraosa 
to try to gain some information on dispersal of planktonio algae 
which have been notably absent from many of the studies. Bae 
f ie ld is s t i l l very young and many problems await solution. 
1.2 Extreme aquatio environments. 
BROCK (1969) defines an extreme environment as one from 
which whole taxonomic groups of organisms are absent. I t i s 
important to remember that environments which might be considered 
extreme by man are not necessarily extreme in this sense, e.g. the 
Arctic. In studying many natural environments florally,the 
complexity of environmental factors mentioned above, and the 
diversity of the f lora, make development of a scientific model of 
the system extremely dif f icult . Extreme environments can often 
be florally described completely without too much difficulty, and 
their study can give information of use in elaoidating the complex 
interaction patterns in more normal ecosystems. In addition, an 
extreme aquatio environment provides a habitat in the f ie ld vastly 
3 
different from surrounding waters but usually similar to ether such 
extreme habitats in other parts ©f the world. Gomjarison of such 
systems oan give valuable information on factors determining algal 
colonisation. The f ie ld is reviewed by WHITTON (197*). 
In addition to investigations of a general nature, extreme 
environments often Justify study where they cause particular pollution 
problems. This is especially true in the case of acid streams oaused 
by strip mining in America (PARSONS, 1952). This thesis is 
particularly concerned with extreme aoid environments of this type. 
Detailed studies of the flora of such streams in America have seen 
carried out (LACKEY, 1938, 1939; IEHKETT, 1969), although no data 
have as yet seen published concerning similar s treams in Britain* 
Other sources of aoid water include peat mires where the p i can 
approach a value of 2,0 or less, and volcanic sources such as 
acid thermal springs (which are often dominated by Oyanidium 
oaldarium), and volcanic lakes. Li t t le data are available on the 
flora of the latter, although some work lias been done in Japan 
(UHiO, 1938) where lakes of acidity of both volcanic and humio 
origin occur (USE©, 1958). 
Problems associated with studies of aoid environments are 
that these are often associated with high heavy metal levels, 
especially iron and aluminium in the case of sdnewater. 
About 12 phetosynthetio organisms are commonly found 
growing at pH a 3.0 or Below, as well as a large number of bacteria 
and fungi, some of which wil l survive at pH values as low as sere. 
1.3 Aims of Study. 
The main aim of this study is to investigate some aspects 
of the tolerance of algae in the Durham area to low pH conditions, 
and to relate the results to the flora of a very add stream at 
Brandon, thus perhaps elucidating the major factors governing i ts 
f lora. Acid toleranoes of algae in culture are compared with 
their observed distribution over the sampling sites used., in 
order to determine whether the results show any evidence for the 
formation of ecotypes adapted to low pH conditions. Comparisons 
are made between the flora of the Acid Stream and that of i t s 
catchment. 
Finally, the results of some investigations carried out 
into "tee aerial transport of acid tolerant algae are considered 
in an attempt to clarify further any patterns that emerge from 
the study. 
D1SCHIFH0N OF THE A l i i AND SITE SELECTION 
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1 DESCRIPTION OF THE AREA AND SITE SELECTION 
2,1 Durham Area Study. 
The area studied, far this part of the project was a part of the 
River Wear catchment between Witt ©n-le-Wear and Durham, and continuing 
north to Waldridge Fell,near Chester-le-Street. 
The River Wear i s a relatively fast-flowing river subject to rapid 
rises and fa l l s at any time of the year, and i s moderately hard and 
entrephio by the time i t reaches Durham. The area i s mainly arable 
farmland or urban on a substratum of coal measures, sandstones and shales, 
with some peaty moorland areas. The upper part of the River Wear flows 
through eld lead mining areas and thus receives a small load of heavy 
metals which may have some slight effects on the f lora. Drainage from 
old coal workings also affects many of the watercourses in the area. 
Several s-todies of the algal flora of the area have been made in the 
past (GRIFFITHS, 1936} D1WDNEY (id.) 1970) especially of the l iver Wear 
(BOTCHER, 1932; EEABODY & WHTTTON, 1968} fffllTTON <& BUDKMASTER, 1970). 
For the in i t ia l experiment to study the effects of pH on the 
occurrence of algae in the area and their acid tolerance, samples were 
collected from sites with a wide range of pH. J2 sites were selected, 
the main criterion being to achieve as wide a pH range as possible 
whilst also including a wide range of conditions with respect to sutrephy, 
physical conditions, substrate type, hardness etc. , to reduce the 
influence of these parameters on the overall results. Sites chosen 
ranged from a pool on bare peat at pH a 3.2 to a lake outflow stream in 
an old gravel pit area at pH = 9.2; from pools and small streams to the 
River Wear; and from unpolluted moorland waters to sewage works effluent. 
About half of the sites were flowing, and half standing water. The 
sites were numbered D1 - D32. Positions are shown on Map 1. 
The number of sites that could be studied was limited by 
available time and culture space. For this reason 21 sites were 
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selected from the original 32 after preliminary microscopical 
examination to give the widest range of f loral types* Samples were 
then put into culture as described in section 3*2 at low pH and 
site pH, and the add tolerances of the varieus species investigated. 
Results from the acid stream catchment survey (see next section) and 
f loral l i s t s for the Brandon Acid Streams (pers* comm. HARGREAVES, 
1973) were also included in the general results. 
2.2 Brandon Acid Streams. 
( i ) In the second part of the experimental work a series of f loral 
samples were taken in the catchment of two very acid streams near the 
site of Brandon Pithouse Colliery (see Map 1 for position in relation 
to Durham area). The valley of the acid streams loads down to Red 
Bum and ultimately to the River Deerness. The whole area has been 
extensively mined for several centuries by means of small adit mines 
into the various seams outcropping down the valley sides. Shaft mining 
in the area has been carried out since at least as long ago as 1838 
(DURHAM DIOCESAN KBCOKDS, 1838) so i t i s likely that most of these drifts 
have been disused, except for drainage purposes, for over a century, and 
most are not traceable on the ground. 
The main shaft of the modern Hthouse Colliery was sunk in 1 926 
down to Tilley Seam level, and the modern workings would interconnect 
with the old drifts in the Five Quarter and Main seams. The colliery 
was finally olosed in 1966 leaving a spoil heap 800 m. across 
(ROBINSON, 1971). The add streams both spring from near the base of 
this tip and both appear to run from old drifts in the Main seam outcrop 
- see Map 2* Add Stream 1 flows from an earthenware pipe near the 
site of one of these drifts whereas Acid Stream 2 seeps from the base 
of ths tip as shown. However, the latter appears to originate from 
the old drift now covered by the tip, rather than from seepage through 
i t , since the tip has been shewn to have ne water table ef i t s own, 
and creep movements consistent with seepage along i ts base have 
been recorded. Acid Stream 1 has been shown en approximately i ts 
present course en maps since 1897. 
Acid Stream 1 leaves i ts source with a pH of 2.6 and a remarkably 
-1 
constant flow of around 0*3 l . s , although this is drastically 
in area sea during rainy weather a few metres downstream by drainage 
from the tip. Flowing along the present base of the t ip, the stream 
passes through a reservoir (built early this century for an unknown 
purpose) to i ts confluence with Acid Stream 2. I t then continues 
towards the site of Esh Wood, a plantation of some antiquity, at 
whose boundary the pH is raised to 6.4 due to dilation by ether 
streams. 2xt 1970 contractors started levelling the tip and in 1971 
dredged out the stream to prevent flooding of farmland, thus the present 
flora of the stream i s the result of 2 year's* colonization and growth. 
Since October 1972 regular sampling ef the stream, both chemical and 
f lora l , has been carried out at Durham (pera. comm. HMiGHEAVES, 1973) 
and the sites used have been marked on Map 2. pH values corresponding 
to these sites are shown in Table I (numbered S1 - S13). 
Acid Stream 2 has a source pH of around 3.0 and retains this 
until i t s confluence with a surface water stream, as shown, where the 
pH rises and hydrated iron ( I I I ) oxides are precipitated. I t then 
passes through a pipe to join Stream 1. Two ef the sampling sites 
listed are on Stream 2. 
The cause of -the acid contamination of the water i s the oxidation 
ef iron pyrites (FeS 2) leading to production of soluble acidic compounds 
- mainly sulphuric acid. Acid mine-water appears to be specifically 
associated with coal seams containing or adjacent to deposits of pyrites, 
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especially in oases where there has been a f ire in the workings* 
At Pitheuse the Main seam has very low sulphur content so the 
pyrites i s presumably present in adjacent strata. Formation of acid, 
can arise either by atmospheric oxidation of pyrites or the action 
of sulphur oxidizing and iron oxidizing bacteria. Idttle i s known 
concerning the relative importance of these two mechanisms. 
Atmospheric oxidation can basically be considered as occurring 
by the following steps (JOSSPH, 1953): 
2PeS2 + 30^  + 2%0 * 2Fe80^ + BgSO^ 
also l^eSO^ + Z&z SO4 4 2Fo^(S0|f)3 + 2H 2 0 
and FOgCSG^)} + k^O * 2Fe (0H)j + 3% SO^ 
although the actual mechanisms of reaction under the conditions may 
be complex and are l i t t l e understood* The second two steps are 
dependent en concentrations and pH values* Most of the iron in the 
upper few metres of the acid streams wi l l be in the iion ( I I ) state. 
At higher pH the iron i s precipitated - at pH values greater than 
about 3*3 in most stream waters. 
Bacterial oxidation appears to be mainly due to three organisms: 
Perrebaoillus f errooxidans, Thie bacillus thlooxidans and Ferrobaolllus 
sulfooxidans (BAKER & WILSHIKS, 1970). These are believed to be respons-
ible for a considerable proportion of the acid production, 
( l i ) In order to try to determine whether any important patterns 
exist in the relation of the flora of the acid streams with that of 
their catchment, a detailed study of other flowing water in the 
catchment was carried out. Algal samples were taken from 20 sites in 
the area including a l l flowing water in the area as well as one or two 
standing water and intermittently flowing sites. These sites were 
numbered W1 - W16 and are ful ly described in Tables I and I I . Their 
11 
locations are shewn on May 3 . Where several s i tes were chosen on 
the same stream a l l were given the same number with suffixes a , b* 
c . . . . . eto. starting from the lower end. Samples were put into 
culture as described la ter and examined af ter 3 weeks. The whole 
survey was repeated 7 weeks l a t e r . 
2.3 Aiypflera study. 
In studying factors controlling the distribution and spread ©f 
algae in an area i t i s obviously relevant to investigate the 
mechanisms of dispersal of species. Although a certain amount of 
work has been done (see Introduction), this f i e l d i s s t i l l l i t t l e 
understood. In an attempt to obtain some Information as to the 
acid tolerant algae present in the a i r around the catchnent, sets 
of plast ic beakers containing acidi f ied growth medium were l e f t 
out at selected s i t e s , 4 d irect ly above the Acid Stream, and 4 elsewhere 
in the area. The sites were numbered A1 - A8 and are marked on Map 3» 
Thus i t was hoped that observation of growth i n these beakers would 
give some information as to the mobility of species i n the area. 
I t would have been preferable to repeat the experiment at a large 
number of s i t e s , but this was not possible due to lack of time. 
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1 METHODS 
3.1 Collection of Samples. 
( i ) Algal samples wore collected using 20 ml. s t er i l e p las t i c bleed-sample 
2 
tubes. For rooky substrates growth from an area of 1 cm WAS; scraped up 
and collected along with samples of any v is ible filamentous growth i n the 
v ic in i ty and 10 ml. of water from the s i t e . For mud and clay substrates 
the top few millimetres of mud were collected over the same area. 3h any 
oases where a large diversity i n substrate or growth was apparent at a s i t e , 
samples from a l l types were taken. In repeating samples at a la ter date 
care was taken to repeat the original sample in as much detai l as possible* 
Samples were br i e f ly examined and then cultured within 24 hours of 
col lection. 
( i i ) Air - f lora samples were collected by leaving out acid-washed p las t i c 
250 ml. beakers each containing about 30 ml. of modified Gnu 10 D medium 
for two-week periods. Six beakers were l e f t at each s i te (s i te nos. A1 
to A8). Two of each set contained growth medium at pH*2.6, two at pH«5.5 
(adjustment of pS being carried out by addition of 2.5 M sulphuric a c i d ) , 
as well as two containing nutrient agar at pl*5.5 • One of each pair of 
beakers was covered by 1 mm mesh black muslin. Where dilution occurred 
due to the heavy ra in experienced during the sampling period, nutrients 
and acid were added immediately af ter collection of the beakers to restore 
Ohu 10 I) nutrient concentrations and original pH values before incubation 
in a 12*0 culture room for three weeks. 
3.2 Culture Methods. 
The culture medium used throughout the project was a modification of 
Ghu*s 10 D medium (CM, 1942)*. This was chosen as experience of other 
workers has shown i t to be a very suitable medium for mixed cultures, being 
high enough i n nutrient levels for most species to survive but not so high 
as to encourage over-rapid development of dominance by eutrophio organisms. 
S o i l extract was added to f a c i l i t a t e growth of motile organisms having been 
f i r s t rendered free of viable algae by repeated boiling and cooling. Cultures 
* See Appendix I . 
• f 'D' and 'W* samples were carried out i n 20 ml. of medium i n 25 mm. f i l i n g 
tubes i n a shake-tank at 15*C with a l ight intensity at the base of the tubes 
of S o MLux. Air - f lora samples were cultured in 100 ml, conical f lasks in a 
12 C room on a white tray i n a l ight intensity of 2 0 klux. A l l culture 
vessels, storage bottles and pipettes were washed with detergent followed 
by 2 M hydrochloric ac id , then rinsed i n d i s t i l l e d water and dried at 110*C 
before use en every occasion. Culture tubes were sealed with Morton Closures. 
For each batch of medium made up, samples were kept i n tubes, under the 
conditions described, as blanks to confirm the algal s t e r i l i t y of the medium 
and glassware. Examination after two weeks showed only bacterial and a l i t t l e 
fungal growth. 
The 'D' samples were cultured at pH»3«0 j pH=3.5 and pH of the site of 
origin measured at the time of sampling. In addition, a mixed inoculum was 
prepared from a l l the samples and cultured at a range of pH values from 2.6 - 4. 
The ,W* samples were cultured i n three ser ie s : -
Series X - pH»3.0. 
Series Y - pH* that of the acid stream 1) below confluence for 'W* samples 
en tributaries , 2) at the nearest point for other 'W* samples. 
Series Z - pH» that of the site of origin at the time of sampling. 
•A» samples were cultured as already described. 
Samples were shaken and allowed to settle and filaments broken up where 
necessary. The inoculum was then taken by s ter i l e dropper from the surface 
of the sediment and the surfaoe of the l iquid , care being taken to include 
fragments of any filamentous species present. The amount of l iquid included 
in each inoculum was insuff ic ient s ignif icantly to a l ter the pH of the 
prepared culture medium. Cultures were grown for a period of two to three 
weeks i n each case, a f t e r whioh time they were examined microscopically and 
the pH measured. During the two or three days taken to examine a set of 
cultures, the tubes were stored i n a 5°0 culture room which appeared to be 
effective at slowing down any changes i n pH or f l o r a l composition which were 
occurring. One of the ma,j©r problems encountered i n oulturing the samples 
was the change i n pH brought about by growth of the organisms. Cultures at 
an i n i t i a l pH of 3.5 and above were found to be f a i r l y unstable with respect 
to pH which usually rose to 6 or 7. Cultures at p&=5.0 and pS*2.6 were 
found t© be very stable. This i s further dismissed i n la ter sections. 
3.3 pg measurement. 
Measurements of s i te pH were carried out in the f i e l d using a Fye 
Msdel 293 portable p i meter, with an E©7 electrode. This was also used 
for measurement of pH of cultures. The la t ter were carried out by 
withdrawing 2 ml. of medium for ttie measurement using a s ter i le pipette 
thus avoiding any carry-over of organisms. In making up culture media 
an EH. Model 23A direct reading pH meter was used a f t er careful cleaning 
of the electrodes. Lack of algal growth in the blanks confirmed that no 
a lga l contamination had been introduced from this source. 
3 .4 Microscopical examination. 
Examination of the cultures was carried out by preparing s ix 22 x 50 ram 
slides from each culture using a s ter i l e dropping pipette. Oare was taken 
to include material from the tube walls and l iquid surface, as wel l as from 
centre and bottom of the tube. Bach sl ide was then scanned three times 
longitudinally under a X 10 objective, followed by f ive scans using a X40 
objective. Lack of time available limited the amount of detailed 
investigation on d i f f i c u l t species that could be carried out using higher 
magnification and o i l immersion -techniques. Bach l iv ing species present 
was recorded,as well as i t s condition, i f this was particularly unhealthy, 
iroblems arose i n some oases in deciding whether an alga was l i v ing or net, 
especially i n Hie case of diatoms. These were recorded as l iv ing i f any 
significant amount of ce l lu lar matter was present. 
Lack of time precluded any growing up of unialgal cultures for 
identif ication purposes, thus i t was not possible to identify some of the 
palmelloid green ce l l s present. Some ether small species were not 
identif ied, especially small diatoms. Taxonomic problems are further 
discussed in Appendix I I . 
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it RESULTS 
The data collected m set out i n the following pages i n tabulated 
form. F i r s t l y some detai ls of the s i tes used are summarized to give an 
indication of the range of environments encompassed by the s tudy. The 
results of the f l o r a l analyses of the cultures are then given and some 
comparisons drawn. F ina l ly results of the a i r - f l o r a study are mentioned. 
4.1 Details of s i te*. 
Table I summarizes detai ls of the various sites used i n the project. 
Of the *D* s i t e s , only the 21 selected for the study have been included. 
The exact locations of the s i tes are shown i n maps 1 - 3 * 
Notes to Table I . 
Date:- For *D' samples this i s the date of collection of the sample. 
samples were collected on 2 occasions - 30.5.73 and 20.7.73. 
Samples from *S' s i tes have been collected at regular intervals 
since October 1972 (pors. comm. HAESREAVES). 
•A* samples A1 - Ai* were collected on 2 occasions - 26.6.73 
For 'W* samples value i s mean of values from 2 samplings. 
For 'S* samples value given i s mean of a l l readings taken under 
normal conditions ( i . e . not flood or freezing conditions). 
Except for W9 and W10, pH values for 'W» and »S* s i tes show 
a high degree of constancy. 
and 3.8.73. 
A5 - A8 were collected on 13.8.73. 
pH.— For *D' samples value i s pH at time of col lect ion. 
Flowing/ 
S t i l l j * 
F - represents water always flowing. 
I F - represents water intermittently flowing. 
S - represents standing water. 
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F l o w 0 - represents ne flew. 
1 - represents an estimated normal flew of less than 0.01 cumec 
( 1 0 l . s " 
2 - represents an estimated nermal flew frem 0 . 0 1 - 2 . 5 cumec. 
3 - represents an estimated nermal flew greater than 2 . 5 cumec. 
S - represents heavy shade. 
L * represents l ight shade. 
0 «* represents unshaded, epen. 
•Yea* i n the column marked *hoavy a lgal growth* represents 
readily v i s ib le algal growth. 
•w»Samples *» the following are tributaries of ac id stream 1 ( i . e . water 
flows direct ly from the s i te into the acid stream) -
Wla, W1b, W5a, W5b, W5o, W10, W12, W13* W14, W15. 
The following are tributaries of acid stream 2 - W7», W7b. 
The following were abandoned due to excessive growth of 
bracken by the second sampling • W2, Wif. 
•A*Sites:- Site A1 i s direct ly above s i te 32. 
Site A2 do. S3. 
Site AJ do. reservoir . 
Site A4 i s d irect ly above confluence of acid streams. 
Sites A5 - A8 are not direct ly above the acid stream. 
Shaded/ 
Open:-
S i t e d e s c r i p t i o n s . 
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D l N Z 2 9 7 4 7 2 13 / 5 / 73 8 . 3 p 3 s a n d s t o n e L o p e n woods Yes R . W e a r s F i n c h a l e . 
E>3 NZ 2-89457 7 . 6 s 0 mud 0 r o u g h g r a s s No D i t c h a t Bra a s i d e . 
DS :*z 2 70'..02 1 / 5 / 7 1 6 „ 9 p 1 c o n c r e t e L dec id .v /ood3 Yes P . E . f r o m S.D.V/. 
D7 NZ 27C402 M / 5 / 7 3 7 . 2 p 1 mud L 
ti it Yes 20m. b e l o w 1)6, s t r eam 
DS NZ 271403 n / 5 /73 6.4 i p - 0 -1 •peaty S c o n i f c r w o o d No Slow v . s h a d e d s t r e a m 
DlO NZ 274403 11/5/73 _ «. 0 s o i l " 1 g r a s 3 „ r o a d Yes By s t r e a m b e l o w SD',7. 
D11 MZ 274403 n / 5 / 7 3 0 s t o n e L tt tt it tt it" tt 
D12 TO 277,1,0k 11/5/75 8 .0 S 0 enamel 0 g r a s s l a n d No O l d b a t h i n f i e l d . 
D14 MZ 159515 11 / 5 / 73 9 „ 2 P 1 g r a v e l 0 g r a s s s b u s h Yes . "Outf low f r o m l a k e . 
D15 11 1! f i 11 n 11 tt it it u ti 
D l 6 NZ 163313 1 1 / 5 / 7 3 8.9 s 0 g r a v e l 0 g r a s s j b u 3 h Yes P o o l i n o l d r o a d . 
D l ? NZ 163313 !! t! » II t; t! it tt it n it 
D23 NZ 255492 3 / 5 / 7 3 4.8 IE1 0-1 g r a s s S g r a s s , b u s h No P o o l on W a l d r i d g e PeTJ 
D24 NZ 254493 1 2 / 5 / 7 3 3.9 S 0 p e a t b o g 0 g r a s s s e d g e No it t? it 11 
D25 NZ 253494 rt2/5/73 3 o 2 s 0 b a r e p e a t 0 No Pea t p o o l , " " 
D2o NZ 275415 « / ? / 7 ; 6 . 2 s 0 wood t u b o- none n e a r Yes Tub n e a r l a b o r a t o r y . 
D27 1! t! 6 . 3 t! t» 11 11 tt it tt it n 11 
D29 tt !! 6,5 ft tf ti ti 1) 11 11 I ! II It 
D30 !! It 6.6 It n o l d s ink- ! i n tt S i n k ! ! i ! 
D31 NZ 213354 1 3 / 5 / 7 3 608 p 2 p e b b l e s 0 g r a s s l a n d Yes O l d House Beck 
D32 NZ 230355 i y 5 / 7 3 7 « 3 p 2 p e b b l e s •0 g r a s s l a n d Yes O l d H o . BeckpPage.B~ni 
V?1a NZ 210405 4 . 7 JF 0-1 c l a y L g r a s s l a n d No Gras sy d i t c h . a h o w ror-
Wlb NZ 211405 4*6 I P 0-1 c l a y S bushes No Same d i t c h 70fn.ar>s'Sr 'n 
W3 i\Tz 212405 7 » 0 I P 0-1 c l a y 0 g r a s s / s e d g e No S t ream a t hase o f i r h 
NZ 213405 7 c 5 P 1 c l a y L . g ras s No S low m o v i n g s t r e a m 
W5b NZ 213405 7 . 5 P. 1 - c l a y 0 none No P a s t s e c t i o n on t i p . 
V/5c NZ 213405 7 . 5 I P 0-1 c l a y 0 none Yes ' S o u r c e 9 o f 7/5 s t r e a m . 
7/6 NZ 214406 7 . 7 I P 0 -1 c l a y L w o o d l a n d Yes Ru t s i n o l d t r a c k , . 
NZ 216406 8 .0 P 1 s t o n y 0 r o u g h g r a s s Yes T r i b . o f a c i d s t r . 2 , 
NZ 216406 8 .1 F? c l a y 0 1! tt Yes B a c k w a t e r o f Vf7a„ 
W8 MZ 216406 8.4 S 0 c l a y 0 r o u g h g r a s s No P o o l n e a r W7. 
7/9 • sz 217406 7 . 7 I P 0 -1 ' o l a y L g r a s s , bar ley No D i t c h a l o n g f i e l d , 
wo NZ 216409 6 , 7 P 1 c o n c r e t e L g r a s s l a n d Yes P i p e 1 o u t f a l l . 
V711 DTZ 216410 7 . 2 s 0 sand3 ta i e 0 g r a s s l a n d Yes Stone t r o u g h . 
7'1 2 N"Z 216410 7 . 2 p 1 p e a t y L c l e a r e d woo c No New C u t above c o n f . 
W13 NZ 21 641 0 6 . 7 I P 0-1 c o n c r e t e L g r a s s l a n d No L i n e d d i t c h . 
7/14 NZ 216410 7 . 0 p 1 mud 0 g r a s s y b o g No . P i p e 2 o u t f a l l . 
| v / i 5 HZ 216409 6.9 I P 0-1 c l a y ' L g r a s s ; s e d g e No Boggy s t r e a m . 
Y / l 6 nz 213403 6 . 5 s 0 c l a y 0 g r a s s l a n d _ No_. P o o l s i n s u b s i d e n c e . 
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31 NZ212405 2.6 F 1 c l a y L g r a s s , bush Yes Source o f a c i d s t r e a m 
32 NZ 212405 2.6 F 1 c l a y L g r a s s , bush Yes B e l o w 7/1 a 
NZ 2 l 7 ;A05 2 . 6 F 1 p e b b l e s S wood No 
Si,. NZ 21 4! -06 2.6 F 1 i r o n pope 0 b a r l e y Yes R e s e r v o i r i n f l o w 
33 I E 21AA06 2 . 6 F 1 concrete 0 b a r l e y Yes R e s e r v o i r o u t f l o w 
S6 NZ 2 1 W ) 6 2.7 F 1 p e b b l e s L g r a s s Yes Above ccnf .of a d d strcem; 
S7a 13 214406 5.2 F ' 1 c l a y . L c r a s s No A c i d s t r e a m 2 
S7b NZ 214405 •3.1 F 1 c l a y 0 r o u g h g r a s s Yes A c i d s t r e a m 2 
38 NZ 214406 3.8 F 1 p e b b l e s L wood Yes B2I0W c oxf. of a c i d stream 
S9 NZ 215408 3.8 F 1 r o c k y L f e w t r e s s No A t r o a d b r i d g e 
3 i n w p^ RZi-oq F 1 mud L f e w t r e e s Yes Near d e a d - t r e e 
NZ 216410 3 . 8 F 1 mud 0 boggy g r a s s No Esh Wood b o u n d a r y 
S12 NZ 21 6410 6.7 F 1 mud 0 boggy g r a s s No P i p e 3 o u t f a l l 
313 NZ 216411 6.4 F 1 mud 0 c l e a r e d wood Yes Be low New Gut 
• 
A1 NZ 212405 L g r a s s , bush •p m.- above s t r e a m 
A2 NZ 213405 S wood d o . 
A3 I B 214406 0 none n e a r p- m. above r e s e r v o i r 
A 4 NZ 214406 L wood >- m . above s t r eam-
A5 NZ 212404 0 g r a s s n e a r N o r t h WccdB'dary 
A6 . NZ 212405 0 r o u g h g r a s s 3 m . e a s t o f S1 
A7 MZ 213404 L bushes 10 m . . sou th o f S2 
A8 NZ 213405 0 none 3 m . s o u t h o f W5b 
-
Table n shews sites in erder ©f pH. Samples D10 ant D11, D14 and 
D15, Bl6 and D17, D26 and D27, D29 and D30, were cultured together, se 
giving 16 sets ©f *D* cultures i n addition to the mixed cultures at 
pH 2.6 - lf.0. r S* sites 1 • 5 have been grouped together as f l o r a , 
pH and most ether chemical factors are f a i r l y constant. 
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TABLTS M 
Table of Sites In order of »B 
Site No. 
S1-5 Add stream 1 down to reservoir 2.6 
S6 Acid stream 1 above confluence of Acid Streams 2.7 
S7b Acdd stream 2 above main tributary 3.1 
D25 Waldridge F e l l 3.2 
S10 Acid Stream 1 3.3 
S8V9 Acid Stream 1 3.8 
S11 Acid Stream 1 Bsh Weed boundary 3.8 
W1b Bitch, tributary of Acid Stream 1 4.6 
Wla Ditch, tributary of Acid Stream 1 4.7 
D23 Waldridge F e l l 4.8 
S7a Acid Stream 2 above confluence of Acid Streams 5.2 
D26/27 Tubs near laboratory 6.3 
D8 Conifer wood stream 6.4 
S13 Acdd Stream 1 below New Cut 6.4 
W16 Fools i n f i e l d near North Wood 6.5 
D29/30 Tubs near laboratory 6.6 
W13 Lined ditch near Dsh Wood 6.7 
S12 Pipe 3 outfa l l 6.7 t 
W10 Pipe 1 out fa l l 6.7 t 
D31 Old Bouse Beck (A.69O road bridge) 6.8 
D6 High School Sewage Works f i n a l effluent 6.9 
115 Boggy stream, tributary of Acid Stream 1 6.9 
W3 Stream at base of tip 7,0 
114 Pipe 2 out fa l l 7.0 
D10/11 Edge of stream below Hollingaide Lane S.D.W. -
D7 Stream below D6 effluent 7.2 
W11 Stone trough near pipe 3 7,2 
W12 New Out above confluence 7.2 
D32 Old louse Beck, Page Bank 7.3 
W5a, b & o Stream from t ip 7.5 
D3 Ditch, Brasside 7.6 
W6 Ruts near wood 7.7 
W9 Ditch along f i e l d 7.7*' 
D12 Old bath i n f i e l d 8.0 
W7a Main tributary of Acid Stream 2 8.0 
W7b Backwater of main tributary of Acid Stream 2 8.1 
D1 River Wear, Finchale 8.3 
18 Pool near 17 8.4 
D16/17 Pools in old gravel read, Witton-le-Wear 8.9 
D14/15 Outflow stream from small lake, Witt©n-le-¥ear 9.2 
pH values given are mean values as in Table 1 
4 #9 and W10 were found to have very variable pH values. 
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4 . 2 Culture dates ami pH values* 
•D* cultures were set up individually at pH values of pH = 3 . 0 , 
pi s 3.3 and »H = site pH as l i s t ed i n Table I I , i n addition to cultures 
of a mixed inoculum at pH values of pH = 2.6, 2 ,8 , 3 . 0 , 3 . 2 , 3 . 4 , 3 . 6 , 
3.8, 4 . 0 . These were incubated from 13.5.73 t© 2 . 6 . 73 . 
•W* cultures were set up as described i n 3 ser ies . I n i t i a l pH 
values ef series Y and Z are given i n Table I I I below. 
TABLE i n . 
Site n®. pH value isH value Series pH value Series 
series Y Z. 31 . 5 .73 2 . 21 .7 .73 
— ^ sample, sample. 
W1a 2.6 4.8 4.6 
W1b 2 .6 4.8 4.4 
W3 2.6 6.9 7.1 
W5a 2.6 7 .2 7.8 
W5b 2.6 7*2 7 .8 
W5o 2.6 7 .2 7 .8 
W6 2.6 7 .5 7.9 
W7a 5.2 8 .0 8 ,0 
fTb 5.2 8 .0 8.2 
¥J8 3.8 8 .3 8,5 
W9 3.8 7 . 2 8*3 
W10 3 .8 7*1 6 .2 
W11 3.8 7 .5 6.9 
¥12 3.8 7.1 7 .3 
W13 3.8 6.4 7 . 0 
W14 3.8 6.8 6.9 
W15 3.8 6.9 6.9 
W16 2 .6 6.3 6 .7 
Cultures were examined a f ter approximately 3 weeks incubation 
starting on 21 .6 .73 and 12 .8*73 respectively. 
I t was found that cultures at an i n i t i a l pH of 3.3 or greater 
tended towards a p'H value ©f around 7,0, whereas pH values of cultures 
at pH * 2.6 remained oonstant, and values for cultures at i n i t i a l 
pE * 3.0 only rose to a maximum o f pH » 3.3* 
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4,3 F lora l analysis of cultures. 
( i ) Algae found al ive on examination of cultures are tabulated i n 
Table I f* Results from both sets of *¥' samples have been combined, 
as have results from si tes W5a, 15b, W5c. Algae surviving in any of the 
cultures are l i s t e d , as this indicates presence of the alga at the s i t e 
i n seme form, even i f not actively growing. Those surviving only in 
cultures at pH * 3.0 ©r less are distinguished by narking their presence 
with a c i rc l e rather than a cross. 
Results for *S* sites are a combination of results from a l l f l o r a l 
samples taken since October, 1972 (yers. comm. HARGEEAVIS), A l l these 
species have been shown t© be capable of survival in the medium used. 
Elbtes to Table I V . 
Chlerophyoea e. 
Many of the palmelloid green forms present could not be identi f ied, 
as well as some of the smaller motile And non-motile forma. Therefore i t 
i s quite possible that seme cel l s l i s t ed as non-motile greens may be of 
the same species as some ©f the motile forms* (M » motile, NM = non-*notile). 
Measurements given for filamentous species are the mean widths of the 
filaments. For non-filamentous species, either measurements in two 
directions are given or, for spherical species, the diameter i s l i s t e d . 
For Oedesenium spp the diameter of the oogonia i s given prefixed by e- ( i n u») 
The algae l i s ted under Bormldiura/tilotfarix Jpm. may belong to one or 
several species. 
Mougeotia has been l i s t ed under 3 different sizes but this may not 
correspond to 3 species. Lack of time prevented study of toe reproductive 
stages for identif icat ion. 
CHrysophyoeae. 
The Ohrysophyte found i n acid water on Waldridge F e l l was provisionally 
identif ied as Ghrysooapsa sp (pers. comm. HISBIBD) and i s very similar to 
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the organism found i n Brandon Acid Stream, so these have been l i s t ed 
together although they may net be the same species* 
Baoi l lar i^iyoeae . 
Measurements given are mean c e l l lengths along the largest ax i s . 
Musci. 
At least tw© different species of mess protonema were observed. 
( i i ) Mixed inoculum cultures. 
Results of the f l o r a l analysis of these cultures are given i n 
Table V, The same notes ay_?ly as for Table IV, and the results are 
seen to correlate well with those in the la t ter Table. The increase i 
the number of spooioa l i s t ed with increasing pH i s shown i n the graph 
foliowing. 
( i i O 'Association Ha.bl.e_L* 
From Table I ? i t can be seen that some species were only found 
i n cultures from low pH s i t e s , whereas other species, although found 
at low pH, appeared to occur ubiquitously. A few species are 
confined to the upper half ©f the pH scale . Representative species 
of 1^se types have been selected from the results and arranged in 
the form of an 'Association Table' ( SHIMWELL, 1971 )* but with 
sates i n order of pll rathor than geuar«ipl-loal looutisg. 
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Table V 
F l o r a l r e s u l t s for' s u r v i v a l i n c u l t u r e s of mixed inoculum. 
I n i t i a l pH 2.6 2.8 3.0 3-2 3.^ r 3-6 3.8 4.0 
pH a f t e r 3 weeks 2.6 2.8 3 . 1 3.3 > 4.2 5.0 5-7 
Chrysocapsa sp./BAS sp. X X X V A X A V A X 
Eunotia exigua X X X X X X X X 
Eutfl&na mut'abilis X X X X X X X V A 
Hormidium r i v u l a r e X X X X X X V A 
10-15u tureens, M & NM X X X X X X X X 
Stichococcus b a c i l l a r i s X X X X V A X X 
6^ green - t i g h t colony X V A X X X X X 
6^ non-motile green X X X X X X X 
6/U- Chlamydomonas sp.(p) X X X X X 
U l o t h r i x moniliformis X X X V A , V A 
6x3/U green M X X V A -
15-30/< green spores X X X 
6x3/^ Chlamydomonas sp. .X ir A X X X 
P i n n u l a r i a sp» 20A -c X X X X 
Ulothrix/Hormidium sp. X- X X X 
Microthamnion strictLsimui 1 X X .X A 
C y l i n d r o c y s t i s sp* A X X 
Mougeotia sp. 9/* V A X X X X 
N i t z s c h i a palea X V A X X 
Characium sp. 7/< > X X 
/ 
Stigeoclonium tenue | X X X 
Closterium acerosum \ X I X X 
Oedogonium sp.4-5/* (°155 x i X V A 
Oedtagonium sp. 45/< \ X A 
Mougeotia sp. 21/W f x' X 
1 
N i t z s c h i a sigmoideae { X 
Trachelomonas s p e j X X 
Cosmarium sp. 30/x j x i X 
— — - - / ; 
Closterium sp. jj ' "V A X 
Protococcus v i r i d i s f X X 
— — — — — — ^ — — — — — — — — — — •> 
. ^ 
Oedogonium gp. 30/x(o 4^i 
X X 
Microspora sp. 12^ \ X X 
Scenedesmus quadricaudq • X X 
Vaucheria sp.' j X 
O s c i l l a t o r i a spp. f X 
Lyngbya spp. X 
Anabaena sp. I X 
j 
pseudanabaena catenata f X 
Wostoc sp» ' | X 
C a l o t h r i x sp, | X 
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( I T ) ffurvival a t lew T»H. 
Algae which survived i n i n d i v i d u a l s i t e cul tures a t i n i t i a l pH 
of 3*0 or less are tabulated i n Table V I I . Since the maximum pH reached 
by any o f these cultures was 3*3 these organisms can survive i n cu l ture 
a t er below t h i s value* Certain'S' s i t es are emitted as incubation of 
cultures o f samples from these s i tes a t low pH was not ca r r ied out . 
The organisms are l i s t e d i n 'basically the same order as i n Table V I . 
The f o l l o w i n g were also found out are net l i s t e d i n the Table; 
15abc Pinnularia sp. k5jm* W7a Cosmariua sp* 30jm. 
S 1 - 5 H n n u l a r i a aoorioola 15um. D7 ( f r l i nd rooys t l s sp. 
W16 Buglena ( v i r i d l a ? ) 
I n order to discover whether ac id tolerance of a species was 
re la ted to the pH of the s i t e a t which i t was found, the variances o f 
the d i s t r i b u t i o n s of pH values of si tes a t which the species had seen 
shown to occur (Table TV"), and of those f rom which the species survived 
a t lew p i (Table V I I ) , were compared. The variance o f the d i s t r i b u t i o n 
o f p i values was calculated i n each case f r o m : 
N 
where N « number of s i tes 
pHjj » pH value of s i t e n . 
For each species the la rger variance was then divided by the smaller t o 
give *F% the variance r a t i o . 
The ca lcu la t ion was ca r r ied out f o r a l l species found to occur i n 
a t l eas t 6 cultures i n both cases, and resu l t s are given below. Algae 
of doub t fu l taxonemic p o s i t i o n or u n i d e n t i f i e d have been omit ted . 
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TABLE V I I I 
Speeiee 
! i 
ft2 
*1 
8 2 *2 F 
TJlothrix moni l i fo rmis 7 10 1 . 029 0.734 1.401 
Honaidium r i v u l a r e 27 28 3 . 3 2 3 3 . 3 5 4 1 .009 
^ohowocua >ac i l lar ia 21 23 2 . 9 6 5 2 . 745 1.080 
15 17 0.768 0 . 7 0 4 1.091 
Ghryseoajsa sw/BAS Chryaaiiyle 7 7 1 .565 1 . 5 6 5 1.000 
Eunotia exigua 6 7 0 . 7 1 7 0 .821 1 . 1 4 6 
^ t y M a palea 6 12 3 . 9 0 3 2 . 9 4 3 1 . 3 2 6 
Eu^lena m u t a ¥ i l i a 7 1 0 3 . 7 2 8 3 . 8 0 7 1 .021 
N. s number of s i tes from which species survived i n culture a t pH 3*3 
(omitting S 8 / 9 , 811, S7», S 1 3 , S 1 2 ) 
N 2 a number o f s i tes from which species survived i n cul ture a t any pH 
(omi t t ing S8 /9, S11, S 7 « , 313, S12) 
2 
s^  * variance ©f d i s t r i b u t i o n of pH values ©f s i tes from which species 
survived i n cu l ture a t pH 3 . 3 
(emi t t ing S8/9, 311, S7a, S 1 3 , S 1 2 ) 
2 
a>2 • variance o f d i s t r i b u t i o n of pH values of s i tes f rom which species 
survived i n cul ture a t any pH 
(ondt t ing S8/9, 311, S7a, S13, S12) 
The values of F obtained f rom the d ata were compared w i t h values 
frem a table of 25% points o f the *F* d i s t r i b u t i o n (laffiRIMSTOIf & TIOMPSOH, 
1943). This corresponds t o a p r o b a b i l i t y l e v e l i n t h i s case of 30% 
since by d i v i d i n g the l a rger variance by the smaller, d i f ferences i n both 
d i rec t ions have been considered (BAILEY, 1959). The resu l t s from the 
data were compared w i t h the tabulated values of F corresponding to 
f ^ * - 1 degrees o f freedom i n the numerator and f g * * 1 degrees 
o f f r e e d iam i n the denominator. Variances were compared, ra ther than 
means, since most s i tes have pH values around the centre o f the range. 
Using t h i s method, any s i g n i f i c a n t d i f ferences i n the a c i d tolerance 
of samples dependent on o r i g i n a l s i t e pH should show up as a d i f fe rence i n 
the variances o f the d i s t r i b u t i o n s of the pH values. At the 50$ l e v e l 
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none o f the *F' values obtained exceed the tabulated values* so 
showing no s i g n i f i c a n t d i f f e rence i n the two d i s t r i b u t i o n s a t t h i s 
l e v e l . Thus, from the resul ts obtained, there i s no evidence of 
a&ajAtten of p a r t i c u l a r a l g a l c e l l s w i t h i n a species to t o l e r a t e 
low pH condi t ions . 
( v ) F l o r a l Comparison of Add Stream 1 and i t s Catchment. 
No species were found t o survive i n cultures o f *W' samples a t 
p i m 2.6 (W1a, W1b, W3* W5a, W5b, W5c, W6 cul tures of series Y) tha t 
d i d net also occur i n Aeid Stream 1 nearby. (Series I cultures f o r 
other *¥' s i tes could not be used f o r t h i s comparison due to changes 
©1* cu l ture pH.) Most o f the Acid Stream species were found i n these 
cultures although the Chrysophyte and Gryptomonaa sp. were notable by 
t h e i r absence* 
( v i ) F l o r a l Comparison o f the Acid Stream Catchment and the 'Durham a rea ' . 
The occurrence o f some o f the species comprising the f l o r a o f 
Acid Stream 1 i n the catchment was compared w i t h t h e i r occurrence i n 
the 'B* samples from Table I V . Few of the acid stream species were 
found to occur i n more than a small number o f or *D* s i t e s . 
Homidium r i v u l a r e was found t© occur i n 11 out of 15 *D* s i tes and 
13 ©u* ©f 16 *W* s i tes l i s t e d , showing no apparent d i f f e rence i n 
d i s t r i b u t i o n w i t h respect to pH i n the 2 areas. S i m i l a r l y Stichocooous 
b a e i l l a r j s and Chlamydomonas sp.(p?) 6um were present i n most s i t e s of 
both series although absent from 'D* s i tes a t pH * 3*2 and 4 .8. lowever, 
these di f ferences can hardly be regarded as s i g n i f i c a n t . This i o 
("*ti) FJ-oral analysis of *Air*Floim* afoidy ( ^ t u r e g * 
Species found a l i v e i n the f l o r a l analysis of 1toe 
, a t r * f l © r * , cultures are shown i n Table I X . 
Samples f rom s i tes A1 - A4 were co l lec ted on two 
occasions, 29*6,73 and 13.8.73* and the resu l t s have "been 
combined. Samples f rom s i tes A5 - A8 were co l lec ted on 
13.8.73 on ly , and resu l t s f o r A§ a t pH » 3 .5 , ant A7, are missing, 
as the c o l l e c t i n g vessels were damaged by animals or vandals i n 
•fiaese cases* 
Heaults f o r ©pen beakers and those covered w i t h 
muslin, were not s i g n i f i c a n t l y d i f f e r e n t , so these have been 
combined i n each case. 
TABLE IX 
F l o r a l Analysis of Cultures from Ai r - F l o r a Experiment. 
> . S i t e •r-< 
v - % 2} < 2? 4 -4 LA < <! < 
CO 
< 3 
pH of medium • 
CM 
LA 
• m • CM 
LA 
•' 
LA 
v o 
• 
CM 
• 
l A 
• 
CM 
i A 
• 
L A 
• 
CM 
• 
CM 
L A 
* 
LA 
• 
CM 
L A 
* 
L A 
Chlamydomona s sp.(p) 6pm X X X X 
green M 6 pn X X X X X X X 
Chlamydomonas sp.bx^ X X X X X X X X X 
green Mtf6x3 pa (2S^> X X X X X X x . X 
Chlamydcrncnas sp.1 Csfium X X X X 
green M<S!NM 10-15 pa X X X X X X X X X 
green M 1 5 - 3 0 pa X X X X 
green M 3 pn X X 
green M 3 pn X X X X X X X tight colonial green 6 um X X X X X X X 
• / Characium sp. X X 
Ulothrix sp. 7 -8 pa X X 
U. moniliformis X X X X •\r -A. X X 
Hormidiura r i v u l a r e X X X X X X X 
Stichococcus bacillarjLs x~ X X X X X X X 
S. minutus X X X X X X X X 
Protoccccus v i r i d i s X X X X X X X X X X 
Mougeotia sp. 10 pa X X 
BAS Chrysophyte X 
Eunotia exigua X X X X X X 
Nitzschia 'ovalis X X 
Pinnular-ia sp. 20 um X , X 
_ i 
Pinnularia sp. 35 um X X - . X 
P. acoricola X 
Euglena mutabilis X X X X X X X 
Euglena sp. 10 pa X 
Moss protonema X X X X X X X X X 
i 
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I DISCISSION 
F i r s t l y the limitations of the experimental methods used 
are discussed and w i t h i n the r e s t r i c t i o n s imposed by these l i m i t a t i o n s , 
the r e su l t s are then considered and conclusions drawn* 
5.1 Discussion of Experimental Methods* 
A l l the foregoing data are based on examination of organisms 
i n c u l t u r e , so care must be taken i n applying the resu l t s t o algae i n 
the f i e l d * I n examination o f cultures various fac tors prevented 
i d e n t i f i c a t i o n of a l l species present. Some smaller diatoms and green 
algae were disregarded, and many green species could not be i d e n t i f i e d 
although these are mostly l i s t e d d e s c r i p t i v e l y . Further discussion of 
taxonomic problems i s given i n Appendix I I . 
A l l samples were cul tured at f i e l d p i values under the same 
conditions as the a c i d cultures . Thus comparisons car r ied out 
between survival o f a species at low pH and a t f i e l d pH were based on 
the same conditions except f o r presence of sulphuric ac id , and 
differences i n composition o f the a l g a l populat ion. Pew organisms 
were f oun& which d i d not survive i n the medium used. 
The naftjor problem encountered i n c u l t u r i n g organisms a t low 
pH was the change i n pH brought about by t h e i r growth i n cul tures at 
i n i t i a l pH values above pH » 3.0* Other workers have used bu f f e r s 
to s t a b i l i z e pH but i t was thought tha t t h i s would introduce other 
f ac to r s a f f e c t i n g growth, and f o r a comparison w i t h the Brandon Add 
Streams i t was considered best t o use only sulphuric ac id . Cultures 
a t lower pH were extremely stable* Prac t ica l d i f f i c u l t i e s 
precluded regular adjustment o f pH. Therefore, resul ts f rom 
cultures a t pH » 3*5 or above were combined w i t h f i e l d pH r e s u l t s . 
Competition may also have occurred i n cultures to seme extent 
- evidence f o r t h i s being that a few species were only recorded i n 
cul ture a t pH = 3*0 or below, but not i n cultures at higher pH, 
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although other evidence indicates that those species are not 
obl igate acidotrophs. (These are marked w i t h a c i r c l e on Table I V ) . 
However, t h i s w i l l be noticed not to be widespread except i n the 
case o f some u n i d e n t i f i e d green algae where the forms recorded a t 
low pH may be non-motile stages o f other species recorded a t 
higher pH. g^thriVHoarmidium sp. and Stiohococcus minutus appeared 
to f a r e p a r t i c u l a r l y badly, especial ly where large growths of 
blue-green algae or Stigeoclonium tenue occurred. Observations 
f rom a l l cultures have therefore been included i n Table IV to 
minimise e r ro r s . Formation of miorohabitats a t d i f f e r e n t pH from 
the main body of a cul ture i s another possible source of e r ro r 
(YONGKJE & CAIRNS, 1971), and t h i s was minionised by growth i n a 
shake-tank. 
Limi ta t ions are imposed on a l l the resul ts i n tha t the 
data were col lec ted only a t one time of one year, and s i t e pH 
values were only measured onoe or twice . The experiments need 
to be repeated over several years t o obtain r e l i a b l e data. Also 
the data were based on presence and absence o f l i v i n g c e l l s on ly . 
5*2 Acid tolerance of algae* 
The resul ts set out i n Tables IV and VI indica te the pH 
ranges of occurrence o f species from the sampling s i tes used* I t 
i s i n t e re s t ing to note tha t few appear t o be obl igate aoidotrophs 
on the basis of these data. Those tha t do appear t o be l i m i t e d 
to low pH s i tes only include Chrysooapsa sp . / Bag Chrysophyte, 
Oryytomonas sp . , Sunotia exigua and Roya obtuaa , the l a t t e r 
showing a very narrow range o f occurrence. Other species occur 
over a la rger range of pH but are less common a t higher pH«, e .g . 
Buglena m u t a b i l i s . Many species , however, appear to be ubiquitous 
i n occurrence, e .g. Hormidium r i v u l a r e . Stichoooocua b a o i l l a r i s , and 
Chlamydomonas sp . (p ) , %nd able to to le ra te very low p i condi t ions . 
However , i t mus t fee remembered t h a t t h e s e d a t a a r e b a s e d e n t i r e l y 
o n s u r v i v a l i n c u l t u r e a n d g i v e n o i n d i c a t i o n o f o@ver i n t h e f i e l d , 
e r o f g r o w t h a n d c o m p e t i t i v e a b i l i t y . P e r i n s t a n c e , a l t h o u g h i n 
t h e r e s u l t s B u g l e n a rautabilis does n o t appea r t o b e s p e c i f i c t © a c i d 
f l o w i n g w a t e r s , i t i s i n f a c t one o f t h e mos t r e l i a b l e i n d i c a t o r 
o r g a n i s m s f o r t h i s t y p e o f e n v i r o n m e n t , o f t e n g r o w i n g p r o f u s e l y a n d 
f o r m i n g a g r e e n c o a t i n g o b s c u r i n g t h e s t r e a m "bed. I t has k e e n 
f o u n d i n a l l a c i d s t r e a m s so f a r s t u d i e d i n B r i t a i n ( p e r s . comm. 
BARS8BAV&, 1973) a n d i s r e p o r t e d t o o c c u r s i m i l a r l y i n t h e U . S . A . 
(LACKEY, 1938). 
I n g e n e r a l , s t u d i e s c a r r i e d o u t i n t h e U . S . A . show s i m i l a r 
r e s u l t s (LACKEY, 1939J BENNETT, 1969) f o r a d d t o l e r a n t s p e c i e s . 
MOSS (1973) i n v e s t i g a t i n g t h e e f f e c t s o f pH o n v a r i o u s s p e c i e s I n 
c u l t u r e g i v e s r e s u l t s w h i d f c t c o r r e l a t e w e l l w i t h t h o s e g i v e n above 
f o r m o s t s p e c i e s a p p e a r i n g i n mos t o a s e s . Be r e p o r t s B u n o t j a s p . 
E u g l e n a g r a c i l i s as b e i n g t h e mos t t o l e r a n t o f a c i d c o n d i t i o n s 
o f t h e s p e c i e s he h a s s t u d i e d . Under h i s c l a s s i f i c a t i o n , m o s t 
a c i d t o l e r a n t s p e c i e s w o u l d be r e g a r d e d as o l i g o t r o p h s . 
Prom t h e r e s u l t s i t i s o b v i o u s t h a t a h i g h degree o f a c i d 
t o l e r a n c e does n o t seem t o b e s p e c i f i c t o a n y p a r t i c u l a r d i v i s i o n o f 
a l g a e . Members o f t h e C h l o r o p h y t a , C h r y s o p h y t a , B a c i l l a r i o p h y t a , 
O r y p t o p h y t a a n d E u g l e n o p h y t a have b e e n f o u n d i n t h e f i e l d a t s i t e s 
o f pH b e l o w 3.0. D i v i s i o n s n o t r e p r e s e n t e d a r e i n g e n e r a l f a i r l y 
r a r e o r have r e l a t i v e l y f e w f r e s h w a t e r r e p r e s e n t a t i v e s . The o n l y 
common f r e s h w a t e r d i v i s i o n n o t r e p o r t e d f r o m a c i d w a t e r s i s t h e 
d i v i s i o n C y a n o p h y t a . I n t h e s e r e s u l t s , O s c i l i a t o r i a s p p . , Lyngbya s p p . , 
Paeudanabaena c a t e n a t a and I f e s t o c s p p . a r e a l l a b s e n t f r o m s i t e s 
o f p i b e l o w 6.3, a n d Anabaena s p p . a r e a b s e n t f r o m s i t e s b e l o w pH * 6.6. 
A l l o c c u r w i d e l y a t a l l pH v a l u e s above t h e s e up t o pH = 8.3. 
h2 
T h i s absence i s d i s c u s s e d b y BROCK ( 1 9 7 3 ) who a s c r i b e s 
t h e i n a b i l i t y o f members o f t h i s d i v i s i o n t o s u r v i v e i n a c i d w a t e r s * 
t o t h e f a c t o f t h e i r b e i n g p r o c a r y o t i c a l g a e a n d s u g g e s t s t h a t 
a o i d e n v i r o n m e n t s were f e a s i b l y ©f g r e a t i m p o r t a n c e i n a l l o w i n g 
t h e e v o l u t i o n o f e u o a r y e t i e o r g a n i s m s . I t i s i n t e r e s t i n g t © 
c o n s i d e r why p r o c a r y o t i c a l g a e a r e u n a b l e t o s u r v i v e w h i l e many 
s p e c i e s o f b a c t e r i a a r e a b l e t o t h r i v e i n a o i d w a t e r s (JOSEPH, 
1 9 5 3 ) . B r o c k s u g g e s t s t h e p o s s i b i l i t y o f u s i n g m i l d a r t i f i c i a l 
a c i d i f i o a t i o n o f r e s e r v o i r s i n o r d e r t o p r e v e n t Gywaophycean 
b l o o m s , a n d i m p r o v e m e n t o f n i t r o g e n f i x a t i o n b y l i m i n g t o i n c r e a s e 
s o i l w a t e r pH i n t h e c u l t i v a t i o n o f c e r t a i n c r o p s . MOSS (1973) 
r e p o r t s min imum pH v a l u e s f o r g r o w t h o f b e t w e e n 6.2 a n d 6.9 f o r 
a G l o e o t r i c h i a s p . a n d a Gloeooapsa s p . w h i c h i s i n ag reemen t w i t h 
t h e above o b s e r v a t i o n s . 
Prom t h e r e s u l t s a v e r y h i g h deg ree o f c o r r e l a t i o n i s 
a p p a r e n t b e t w e e n s p e c i e s s u r v i v i n g a t pH « 2.6 i n t h e c u l t u r e s o f 
a m i x e d i n o c u l a t i o n p r e p a r e d f r o m t h e ' D ' samples ( T a b l e V ) and 
t h e f l o r a o f t h e B r a n d o n A c i d S t r e a m f o r s i t e s S1 - 5 r e p r e s e n t e d 
i n T a b l e I V . None o f t h e samples u s e d i n p r e p a r a t i o n o f t h e m i x e d 
i n o c u l u m were f r o m m i n e w a t e r d r a i n a g e s . M o s t o f t h e p o s i t i v e l y 
i d e n t i f i e d s p e c i e s l i s t e d i n T a b l e V I I as s u r v i v i n g a t l o w pH o c c u r 
i n . t h e A c i d S t reams a t t h e same p H , and s e v e r a l o f t h e u n i d e n t i f i e d 
o r g a n i s m s may a l s o o c c u r . T a k i n g i n t o a c c o u n t t h e r e s u l t ( S e c t i o n 
4.3 ( v ) ) t h a t a l l a l g a e f r o m t h e c a t c h m e n t o f t h e S t r e a m w h i c h 
s u r v i v e d i n c u l t u r e a t pH * 2.6 a r e f o u n d i n t h e u p p e r p a r t o f t h e 
S t r e a m , t h e s e r e s u l t s t h r o u g h o u t s u g g e s t t h a t pH and a s s o c i a t e d 
f a c t o r s a r e t h e m a i n c o n t r o l l i n g i n f l u e n c e s i n d i t t rmif r i lng t h e f l o r a 
o f B r a n d o n A o i d S t r e a m s , as opposed t o n o n - p H - l i n k e d f a c t o r s 
c h a r a c t e r i s t i c o f m i n e w a t e r . 
5.3 R e l a t i o n be tween a c i d t o l e r a n c e a n d f i e l d p H . 
I f T a b l e V I I i s examined i t w i l l b e seen t h a t many a l g a e 
s u r v i v i n g i n c u l t u r e a t pH $ 3.3 w e r e f o u n d i n samples f r o m e n v i r o n m e n t s 
o f n o r m a l p H i n t h e f i e l d , a l t h o u g h t h e number may f a l l o f f s l i g h t l y 
t o w a r d s t h e e x t r e m e u p p e r end o f t h e pH r a n g e . Prom * F ' v a l u e s l i s t e d 
i n T a b l e V I I I , no s i g n i f i c a n t d i f f e r e n c e s b e t w e e n t h e t w o d i s t r i b u t i o n s 
compared a r e a p p a r e n t even a t 50% p r o b a b i l i t y l e v e l , f o r t h e e i g h t 
s p e c i e s c o n s i d e r e d . The o n l y s p e c i e s s u r v i v i n g a t l o w pH s o l e l y nhen 
t a k e n f r o m l o w p H e n v i r o n m e n t s i n t he f i e l d a r e t h o s e whose o c c u r r e n c e 
i s c o n f i n e d t o t h e s e a c i d s i t e s , i . e . E u n o t i a e x i g o a , G r y y t o n p n a s s p . , 
Ghrysooapsa s p . / B A S C h r y s o p h y t e , and Roya o b t u s a . No c u l t u r e s o f t h e s e 
o r g a n i s m s a t h i g h e r pH were a t t e m p t e d * Thus t h e r e i s no e v i d e n c e h e r e 
f o r t h e f o r m a t i o n w i t h i n a s p e c i e s o f e e o t y p e s a d a p t e d t o t o l e r a t e a c i d 
c o n d i t i o n s . Howeve r , t h e s e d a t a a r e based s i m p l y o n s u r v i v a l i n c u l t u r e , 
a n d may n o t be r e p r e s e n t a t i v e o f b e h a v i o u r i n the f i e l d . 
I f s u c h a d a p t a t i o n d i d o c c u r t h e n i t w o u l d be e x p e c t e d , 
a s s u m i n g t h a t t h e o r g a n i s m s a r e r e a d i l y t r a n s p o r t e d s h o r t d i s t a n c e s , 
t h a t members o f an a c i d t o l e r a n t s p e c i e s w i t h i n t h e v i c i n i t y o f a n a d d 
s t r e a m , i . e . i n i t s c a t c h m e n t , w o u l d b e more a c i d t o l e r a n t t h a n t h e 
same s p e c i e s f r o m e l s e w h e r e . C o m p a r i s o n o f t h e number o f 'W* 3ites 
f r o m w h i c h a l g a l s p p . f o u n d i n t h e A c i d S t r e a m s u r v i v e d , w i t h t h e 
number o f such ' D * s i t e s , shows i n m o s t oases t h a t t h e number o f s u c h 
•ff* s i t e s i s t h e l a r g e r , a l t h o u g h i n n o cases i s t h e d i f f e r e n c e 
s i g n i f i c a n t . However , i t i s w o r t h n o t i n g t h a t E u g l e n a t m i t a b i l i s f r o m 
t h e two *D* s i t e s a t w h i c h i t was f o u n d ^ d i d n o t s u r v i v e l o w p H , whereas 
c e l l s o f t h e same s p e c i e s d i d s u r v i v e when t a k e n f r o m a l l 4 c a t c h m e n t 
s i t e s a t w h i c h i t o c c u r r e d . T h u s , a l t h o u g h n o s i g n i f i c a n t e v i d e n c e 
f o r e c o t y p e f o r m a t i o n was o b t a i n e d , f u r t h e r s t u d y i s n e c e s s a r y . 
The e v i d e n c e p r e s e n t e d above s u g g e s t s t h a t a c i d t o l e r a n c e i s 
t y p i c a l o f a s p e o i e s t o a g r e a t e x t e n t , a l t h o u g h t h e b e h a v i o u r o f E u g l e n a 
g g t t a b l l l s s u g g e s t s t h a t a d a p t a t i o n t o a d d e n v i r o n m e n t s may a l s o b e 
a c o n t r o l l i n g f a c t o r . 
5 . 4 A i r - F l o r a E x p e r i m e n t . 
L i t t l e can b e c o n c l u d e d f r o m t h e a i r - f l o r a e x p e r i m e n t s 
c o n d u c t e d s i n c e o n l y a l i m i t e d number o f c o l l e c t i n g v e i s e l s c o u l d be 
s e t o u t , and o f t h e s e , a c o n s i d e r a b l e p r o p o r t i o n a t s i t e s away f r o m 
t h e A c i d Streams w e r e damaged b y a n i m a l s o r v a n d a l s . Prom t h e 
r e s u l t s c o l l e c t e d i t i s seen t h a t no a l g a e were f o u n d i n t h e c u l t u r e s 
t h a t d i d n o t o c c u r i n t h e c a t c h m e n t , e x c e p t one I H o t h r i x s p . 
l o w e v e r , t h i s i s n o t s u r p r i s i n g as t h e ca t chmen t does n o t a p p e a r t o 
h a ^ a a i a & # ^ % a n t i a l l y d i f f e r e n t f l o r a f r o m t h a t o f t h e s u r r o u n d i n g a r e a . 
V e r y f e w A c i d S t r eam s p e c i e s were f o u n d i n t h e c u l t u r e s a t s h o r t 
d i s t a n c e s away f r o m t h e S t r e a m , a l t h o u g h many o f t h e s e s p e c i e s a p p e a r e d 
i n t h e b e a k e r s 0*5 B U above t h e S t r e a m some p o s s i b l y due t o 
s p l a s h i n g d u r i n g f l o o d p e r i o d s i n t h e case o f S i t e A1. 
One can c o n c l u d e f r o m t h e s e d a t a t h a t t he A c i d S t ream s p e c i e s 
a r e n o t v e r y a b u n d a n t i n t h e a i r a f e w m e t r e s away f r o m t h e S t r e a m . 
l e a a r k a b l y l i t t l e d i f f e r e n c e was o b s e r v e d b e t w e e n c o l l e c t i o n s 
a t ®H = 2 .6 a n d t h o s e a t pH = 5 . 5 » b u t no b l u e - g r e e n a l g a e were f o u n d 
i n a n y s a m p l e s , ( a n e x p e c t e d r e s u l t ) . The absenoe o f d i f f e r e n c e b e t w e e n 
r e s u l t s f o r b e a k e r s c o v e r e d w i t h m u s l i n a n d t h o s e l e f t ©pen s u g g e s t s 
t h a t c o n t a c t b e t w e e n i n s e c t s a n d t h e g r o w t h medium was n o t a n i m p o r t a n t 
f a c t o r i n t h e c o l o n i s a t i o n o f t he c u l t u r e s . F u r t h e r i n v e s t i g a t i o n s 
w o u l d p r o v e most i n t e r e s t i n g * 
5 . 5 Recommendations f o r f u r t h e r r e s e a r c h . 
F u r t h e r w o i k o f t h e t y p e d e s c r i b e d above b u t o n a q u a n t i t a t i v e 
b a s i s i s needed t o e l u c i d a t e t h e o c c u r r e n c e and e x t e n t o f f o r m a t i o n 
w i t h i n a s p e c i e s o f e c o t y p e s e s p e c i a l l y t o l e r a n t t o l o w pH e n v i r o n m e n t s . 
R e p e a t i n g t h e e x p e r i m e n t s c a r r i e d o u t "but u s i n g c u l t u r e s a t a 
r a n g e o f pH v a l u e s b e l o w p i 3 5 , 0 m i g h t show e c o t y p i o v a r i a t i o n 
i n t h e l o w e r pH l i m i t f o r s u r v i v a l w i t h i n s p e c i e s . 
A g r e a t d e a l more work u s i n g a l a r g e number o f s a m p l i n g 
s i t e s t© i n v e s t i g a t e f u l l y t h e a i r - f l o r a o f t h e A c i d S t ream 
c a t c h m e n t , m i g h t y i e l d some v e r y e n l i g h t e n i n g r e s u l t s . 
6 SUMMARY 
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6 gTftflMBT. 
A l g a l samples were c o l l e o t e d f r o m h a b i t a t s w i t h a w i d e 
r a n g e o f p H v a l u e s and t h e i r t o l e r a n c e t o l o w p i was i n v e s t i g a t e d . 
She o b s e r v e d p H r a n g e s o f o c c u r r e n c e ©f s p e c i e s i n t h e f i e l d a r e 
t a b u l a t e d , a n d t h e a b i l i t y o f t h e s p e c i e s t o s u r v i v e a t l o w p H , 
r e c e n t © ^ . . 
The r e s u l t s i n d i c a t e t h a t some s p e c i e s a r e a p p a r e n t l y 
c o n f i n e d t o s i t e s o f l o w pH e n v i r o n m e n t s , whereas e t h e r 
t o l e r a n t s p e c i e s a l s o o c c u r i n n o r m a l o r h i g h pH e n v i r o n m e n t s . 
I t appea r s f r o m t h e r e s u l t s t h a t pH i s p r o b a b l y t h e m a j o r f a c t o r 
d e t e r m i n i n g the f l o r a o f t h e B r a n d en A c i d S t r e a m s . E v i d e n c e 
f o u n d s u g g e s t s t h a t t o l e r a n c e o f l o w $ f i c o n d i t i o n s i s t o some 
e x t e n t c h a r a c t e r i s t i c o f t he s p e c i e s c o n c e r n e d , i r r e s p e c t i v e o f 
t h e e n v i r o n m e n t f r o m w h i c h i t has b e e n t a k e n . H o w e v e r , t h e r e 
i s a l s o e v i d e n c e s u g g e s t i n g t h e o c c u r r e n c e o f a d a p t a t i o n w i t h i n 
a s p e c i e s . 
Some e x p e r i m e n t s o n t r a n s p o r t o f a l g a e b y a i r were c a r r i e d 
o u t , b u t l i m i t e d d a t a were c o l l e c t e d . 
I w o u l d l i k e t © t h a n k my S u p e r v i s o r , D r . B . A . i h i t t e n , 
f o r h i s g t d d a n o e and encouragement t h r o u g h o u t t h e s t u d y . 
I w o u l d a l s o l i k e t o e x p r e s s my t h a n k s t o a l l t h e a l g e l o g y 
r e s e a r c h s t u d e n t s a t Durham f o r h e l p f u l a d v i c e a n d comments a n d 
use ©f t h e i r e q u i p m e n t , a n d e s p e c i a l l y t o J o h n H a r g r e a v e s , my 
d e m o n s t r a t o r , f o r a s s i s t a n c e a n d u s e o f h i s d a t a f o r t h e B r a n d o n 
A o i d S t r e a m s , t o E d ia.oyd f o r many h e l p f u l d i s c u s s i o n s , a n d t © 
N i g e l Holmes f o r i d e n t i f y i n g some o f t h e a l g a e . 
Thanks a r e a l s o due t© D r . D . H i V b e r d ©f t h e C u l t u r e C e n t r e 
f o r A l g a e a n d P r o t o z o a f o r i d e n t i f i c a t i o n o f C h r y s o p h y t e s , 
D r . P . R . Evans o f t h e Z o o l o g y D e p a r t m e n t a t Durham f o r a d v i c e 
©n s t a t i s t i c s , t o Derek M i d d l e m a s s f o r t e c h n i c a l a s s i s t a n c e , 
and f i n a l l y t o M r s . K . P o m f r e t f o r t y p i n g t h i s t h e s i s . 
48 
BIBLIOGRAPHY 
ATKIlfcON KM, 
BAILEY N . T . J . 
BENNETT H . D . 
BOURELLY P . 
1R0GK T . D . 
BUTCHER R.W. 
CHU S.P. 
(1970) 
(1959) 
1AIER R . A . & (1970) 
WILSHEUS A.G. 
( 1 9 6 9 ) 
( 1 9 6 6 ) 
( 1 9 5 6 ) 
(1969) 
(1973) 
( 1 9 3 2 ) 
(1942) 
DEfDNEY J . C . ( E d . ) ( 1 9 7 0 ) 
DURHAM BI0C1SAN RECORDS ( 1 8 3 8 ) 
FOREST H . S . 
GRIFFITHS B . M . 
BARGREAVSS J . 
( 1 9 5 4 ) 
( 1 9 3 6 ) 
( 1 9 7 3 ) 
D i s p e r s a l o f F h y t o p l a n k t o n b y d u c k s , 
W i l d f o w l , 21_, 1 1 0 * 1 1 1 . 
S t a t i s t i c a l me thods to b i o l o g y . 
S a g l i s h U n i v e r s i t y P r e s s , L o n d o n . p . 5 0 
M i o r o b i o l o g i c a l f a c t o r s i n a c i d m i n e d r a i n a g e 
f o r m a t i o n . A p i l o t p l a n t s t u d y . 
R e p r . C u r r e n t R e s . j ^ , n o . 5 . 
A l g a e i n r e l a t i o n t o m i n e w a t e r . 
Cas tanea 3Q6. 
Les A l g u e s d ' E a u D o u c e . 
N . Boubee & C o . P a r i s . 
Tome I : Les A l g u e s V e r t e s . P.238 
The E c o l o g y o f R i v e r A l g a e . 
B i o l . R e v . 2 2 , 2 9 1 * 3 4 1 . 
M i c r o b i a l g r o w t h u n d e r Ex t reme E n v i r o n m e n t s . 
Symp. Soo . g e n . M i c r o b i o l . 1_£, 1 5 - 4 1 . 
Lower pH l i m i t f o r t h e e x i s t e n c e o f b l u e - g r e e n 
a l g a e . E v o l u t i o n a r y and e c o l o g i c a l 
i m p l i c a t i o n s . 
S c i e n c e , 179» 4 8 0 . 
S t u d i e s i n t he E c o l o g y o f R i v e r s . 
I I The m i c r o f l o r a o f r i v e r s w i t h s p e c i a l 
r e f e r e n c e t o t h e a l g a e on t h e r i v e r b e d . 
A n n . l o t . 1JJ5, 8 l 3 « 8 l 8 . 
The i n f l u e n c e o f t h e m i n e r a l c o m p o s i t i o n o f 
t h e medium o n t h e g r o w t h o f p l a n k t o n i c a l g a e . 
I . Me thods and c u l t u r e m e d i a . 
«J. E c o l . j>0, 2 8 4 * 3 2 5 . 
Durham C o u n t y & C i t y w i t h T e e s s i d e . 
B r i t i s h A s s o c i a t i o n , Durham. 
Chap . V I I I . F r e s h w a t e r B i o l o g y . 1 5 3 - 1 5 9 . 
T i t h e P l a n , Brandon. Ss l y s h o t t l e s . 
By J . T u r n e r J m * . , S u r v e y o r . 
D i s c u s s i o n o f a P o r t i o n o f t h e U l o t r i o h a e e a e . 
C a s t a n e a . 1_9_, 6 1 - 7 5 . 
A p r e l i m i n a r y l i s t o f f r e s h w a t e r a l g a e o f 
N o r t h u m b e r l a n d and Durham. 
V a s c u l u m . 2 2 , 8 9 - 9 5 . 
P e r s o n a l c o m m u n i c a t i o n . 
B o t a n y D e p a r t m e n t , U n i v e r s i t y o f Durham. 
49 
H I M E E D D . (1973) 
JAWOBSKI G . & ( 1 9 7 0 ) 
mm J . W . G . 
JOSEPH J . M . ( 1 9 5 3 ) 
LACKEY J . 3 . ( 1 9 3 8 ) 
( 1 9 3 9 ) 
mm J . W . G . ( 1 9 6 5 ) 
M A G U I K E B . J r . (1963) 
MEHRIHHON M . & (1943) 
THOMPSON C . M . 
M I H J I G E H L , I , & ( 1 9 6 8 ) 
SCHLICHTIBB H . I . J r . 
MOSS B . 
( 1 9 7 2 ) 
( 1 9 7 3 a ) 
(1973*) 
( 1 9 7 3 c ) 
P e r s o n a l c o n r a u n i c a t i o n . 
C u l t u r e C e n t r e f o r A l g a e & P r o t o z o a , 
C a m b r i d g e . 
D r o u g h t r e s i s t a n c e a n d d i s p e r s a l o f 
A s t e r i o n e l l a f e r a e aa l a s s . 
B e i h - 2 . !*>va H e d w i g i a . JH., 3 7 - 4 8 . 
M i c r o b i o l o g i c a l s t u d y o f a c i d m i n e w a t e r . 
P r e l i m i n a r y B e p o r t . 
Ohio J . S c i . £3., 125-127. 
The F l o r a and Fauna o f s u r f a c e w a t e r s 
p o l l u t e d b y a c i d m i n e d r a i n a g e . 
T J . S . P u b l i © H e a l t h R e p . 5J> 1 4 9 9 - 1 5 0 7 . 
A q u a t i c l i f e i n w a t e r s p o l l u t e d b y a o i d 
m i n e w a s t e . 
U . 3 . P u b l i c H e a l t h Rep . j ^ , 7 4 2 - 7 4 6 . 
The e c o l o g y ©f f r e s h w a t e r p h y t o p l a n k t o n . 
B i o l . R e v . 4 0 , 2 3 1 . 
The p a s s i v e d i s p e r s a l o f s m a l l a q u a t i c 
o r g a n i s m s and t h e i r c o l o n i z a t i o n o f 
i s o l a t e d b o d i e s o f w a t e r . 
E c o l . m o n o g r , 3 3 » 161*185 . 
T a b l e s o f p e r c e n t a g e p o i n t s o f t h e 
i n v e r t e d B e t a ( F ) d i s t r i b u t i o n . 
B i o m e t r i k a . ^ 7 3 - 8 8 . 
The p a s s i v e d i s p e r s a l o f v i a b l e a l g a e a n d 
p r o t o z o a b y a n a q u a t i c b e e t l e . 
T r a n s . A r n e r . M i c r o s c . S o c . 87_» 4 4 3 - 4 4 8 . 
The i n f l u e n c e o f e n v i r o n m e n t a l f a c t o r s o n 
t h e d i s t r i b u t i o n o f f r e s h w a t e r a l g a e . 
I . I n t r o d u c t i o n & I n f l u e n c e o f C a l c i u m 
C o n c e n t r a t i o n . 
J . E c o l . 6 0 , 9 1 7 - 9 3 2 . 
I I . H o l e o f pH a n d t h e O0g - b i c a r b o n a t e 
s y s t e m . 
J . E o o l . 6±, 1 5 7 - 1 7 7 . 
I I I . E f f e c t s o f T e m p e r a t u r e , V i t a m i n 
r e q u i r e m e n t s , & I n o r g a n i c N i t r o g e n 
Compounds o n g r o w t h . 
J . S 0 0 I . 6 ^ , 1 7 8 - 1 9 2 . 
I V . G r o w t h o f t e s t s p e c i e s i n n a t u r a l l a k e 
w a t e r s and c o n c l u s i o n . 
J . E c o l . 61, 193*211, 
5 0 
'PARSONS J . W . ( 1 9 5 2 ) 
PROCTOR P.W, ( 1 9 5 9 ) 
FEABOEY A . J . & ( 1 9 6 8 ) 
WHTTTOIf B-.A. 
RAMAHATHAN X . R . ( 1 9 6 4 ) 
Rtnam-L,, ( 1 9 6 7 ) 
S0HLICH1TK& H . l . J r . 
ROBINSON C . ( 1 9 7 1 ) 
SCHLICHTIN& H . E . J r . ( 1 9 6 0 ) 
SCILICHTING 1 . 1 . ( 1 9 6 4 ) 
STfif i f t K . M . ( 1 9 2 4 ) 
T A I L I N G J . F . ( 1 9 5 1 ) 
XIENO M . ( 1 9 3 8 ) 
H « ( 1 9 5 8 ) 
USTTOK B . A . & ( 1 9 7 0 ) 
WGKMAST1R R . 
A b i o l o g i c a l a p p r o a c h t o t h e s t u d y and 
c o n t r o l o f a c i d m i n e p o l l u t i o n . 
J .TenneBsee Aoad .Sc i . 22 , 304-309. 
D i s p e r s a l o f f r e s h w a t e r a l g a e b y m i g r a t i n g 
b i r d s . 
S c i e n c e N . Y . 130, 623-624. 
A l g a e o f t h e R i v e r Wear . I . D i a t o m s . 
H a t u r a l i s t . 8 9 - 9 6 . 
U l o t r i c h a l e s . 
I . C . A . & i M o n o g r a p h . Hew D e l h i . 
D i s p e r s a l o f v i a b l e a l g a e p r o t o z o a b y 
h o r s e f l i e s and m o s q u i t o e s . 
A n n . I n t o m o l . S o o . Amer-. 6 0 , 1 0 7 7 - 1 0 8 1 . 
A p r e l i m i n a r y s t u d y o f t h e f a c t o r s a f f e c t i n g 
t h e f l o r a o f a n a c i d c o a l m ine d r a i n a g e . 
M . S c . T h e s i s . Durham U n i v e r s i t y . 
The r o l e o f v s a t e r f o w l i n t h e d i s p e r s a l o f a l g a e 
Trans- . Amer* ( i i c r o s c . S o c . 22> 1 6 0 - 1 6 6 . 
The d i s p e r s a l o f v i a b l e s p e c i e s o f a l g a e a n d 
p r o t o z o a b y a i r c u r r e n t s . 
V o r t r a g 10* I n t e r n e t * B o t a n . C o n g r e s s , 
. E d i n b u r g h . 
S t u d i e s i n t h e E c o l o g y & S e © g r a p h i c a l 
D i s t r i b u t i o n o f F r e s h w a t e r A l g a e & P l a n k t o n . 
Revue a l g o l . 1_, 127*155. 
The e l e m e n t o f chance i n p o n d p o p u l a t i o n s . 
N a t u r a l i s t . 157-170. 
The c r a t e r l a k e s o f M t * K i r i s i m » . A l i m n o -
l o g i o a l s t u d y w i t h s p e c i a l r e f . t o b i o o o e n o s i s . 
J a p . J . L i a m e l . & 348-360* 
The d i s h a r m o n i o u s l a k e s o f J a p a n . 
V e r h . i n t * Vere i n * t h e o r . ange w * M a n o l 13*21 7Y226 
M a c r o p h y t e s o f t h e R i v e r Wear , 
n a t u r a l i s t ' 9 1 4 » 97-116. 
51 
WHTPTQR B . A . ( 1 9 7 2 ) 
YOB3¥fi f . H . J r . * ( l 9 7 l ) 
GAUKS J . J r . 
SHIMWELL D.W. ( 1 9 7 1 ) 
E n v i r o n m e n t a l l i m i t s o f p l a n t s i n f l o w i n g 
w a t e r s . 
Symp. z o o l . Soo . L o n d * 29_» 5*19 . 
M i o r o h a t t i t a t p H d i f f e r e n c e s f r o m t h o s e 
o f t h e s u r r o u n d i n g w a t e r . 
% d r o b i o l o g i a . 4 5 3 * 4 6 1 . 
The D e s c r i p t i o n and C l a s s i f i c a t i o n 
of V e g e t a t i o n . 
Sidgwick and Jackson, London. 
5 2 
AEP3SMDIK 1 
The medium used throughout f o r cultures was basi c a l l y Chu's 
1QD medium modified by the addition of microelements and s o i l 
e xtract. The medium contained ihe following i n a l i t r e of d i s t i l l e d 
water: 
7.80 rag. H J B O J 715 ug. 
MgS04,7%0 25.0 mg. MnClg,^© 45 .0 ug. 
Ga ( K 0 3 ) 2 4-0.0 mg. ZnS0^.7Hg0 55.6 ug. 
15.8 mg. CuSO^ .SHgO 20*0 ug. 
Na2S105 10.9 Big. CoSO^ .THgO 20.5 ug. 
E.D.T.A. Ka s a l t 4*20 mg. NagMoO^^HgO 68.5 ug. 
FeGl,.6H 0 3 2 1.21 mg. 
This gives concentrations of the various elements o f : 
( P O ^ ) P 1.80 mg.l 1. P© 250 jfisiT^. 
Mg 2.56 mg.l" 1. B 127 n g . l " 1 . 
Oa 950 l " 1 . Mn 12.7 ug.1* , 
(NOj)N 6,85 mg.l""1. Zn 12.5 u g . l " . 
G -1 2.25 mg.l • Gu 51.2 ug.l" . 
Si 2.46 mg.l • C© 43 .0 u g . l . 
H© 27.2 u g . l * 1 . 
1 ml. ©f s o i l extract was also added to every l i t r e ©f medium. This 
was prepared by repeated b o i l i n g ai ad cooling of 25 om^. ©f s o i l with 
100 ml. ©f water, followed by centrifuging to clear the l i q u i d . 
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APPENDIX 2 
Taaconomio p r o b l e m s . 
Aa m e n t i o n e d , ihe d e t a i l e d s t u d y o f u n i a l g a l c u l t u r e s i n 
o r d e r t© i n v e s t i g a t e r e p r o d u c t i v e p r o c e s s e s was n o t p o s s i b l e , so 
many s p e c i e s c o u l d n o t be i d e n t i f i e d , e . g . M o u g e o t i a s p p . , Zygnema 
S p i r p g y r a s p p . , Qedogonlum s p p . , V a u c h e r i a s p p . 
Howeve r , t h e m a j o r a r e a o f d i f f i c u l t y w a s t h e i d e n t i f i c a t i o n 
o f some g r e e n a l g a e . O n l y m o t i l e f o r m s o f Ohlamydomonas o b s e r v e d 
a r e l i s t e d u n d e r t h i s g e n e r i c name a l t h o u g h many o f t h e p a l a e l l o i d 
g r e e n a l g a e w i t h p y r e n o i d s may be o f t h i s g e n u s . Eye s p o t s were 
n o t a p p a r e n t b u t o f t e n t h e a d v e r s e e n v i r o n m e n t i n t h e c u l t u r e s 
caused e x c e s s i v e a c c i a m u l a t i o n o f s t o r a g e p r o d u c t s , m a s k i n g n a n y 
m o r p h o l o g i o a l c h a r a c t e r i s t i c s . Thus i t was n o t p o s s i b l e t o a s s i g n 
s u c h a l g a e a g e n e r i c name w i t h a n y c e r t a i n t y . The 6 urn n o n - m o t i l e 
g reens l i s t e d may be CMtoydomonas s p . ( p ) o r C h l e r e l l a s p . ( p ) a n d 
t h e l a r g e r n o n - m o t i l e g r e e n s may a l s o i n c l u d e C h l o r o c ^ o o u i a s p p . 
The s m a l l e r g r e e n a l g a e o b s e r v e d may i n some cases b e f o x m s o f 
S t i o h o c Q o o u s s p . a f f e c t e d b y t h e a d v e r s e c o n d i t i o n s , a n d t h e s m a l l e r 
m o t i l e b i f l a g e l l a t e g r e e n s , p e r h a p s i n c l u d i n g some a l g a e l i s t e d a s 
Qhlamydomonas s p . may b e Zoospores o f H o r m i d i u m s p . T h e r e f o r e i t 
s h o u l d be b o r n e i n m i n d t h a t some o f t h e d e s c r i p t i v e c l a s s i f i c a t i o n s 
may encompass more t h a n one s p e c i e s , and c o n v e r s e l y t h a t s e v e r a l o f 
t h e s e o r g a n i s m s may be o f t h e same s p e c i e s i n some c a s e s . 
A n e s p e c i a l l y i n t e r e s t i n g p r o b l e m a r i s e s i n t h e i d e n t i f i c a t i o n 
o f t J l © t r i c h a l e s f o u n d , p a r t i c u l a r l y i n a c i d c u l t u r e s . T h i s i s 
c o m p l i c a t e d b y t h e m o r p h o l o g i c a l changes caused b y t h e a c i d 
e n v i r o n m e n t , a d d e d t o w h i c h t h e g e n e r i c c l a s s i f i c a t i o n o f t h i s o r d e r 
i s u n d e r a c e r t a i n amount o f d i s p u t e . The m i n o r n a t u r e o f r e a d i l y 
o b s e r v a b l e d i f f e r e n c e s b e t w e e n t h e g e n e r a H o r m i d i u m and I F l o t h r i x ; a n d 
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t h e w i d e r a n g e o f m o r p h o l o g y w i t h i n e a c h g e n u s , B & k e s a s s i g n m e n t t o 
a genus d i f f i c u l t . RAMANATHAN (1964) d i s t i n g u i s h e s them on t h e 
b a s i s o f d i f f e r e n t i a t i o n o f t h e base a n d apex o f a f i l a m e n t w h i c h i s 
p r e s e n t i n t l l ^ t h r i x b u t a b s e n t i n H o r m i d i u m . a s w e l l a s H o r m i d j u m 
h a v i n g , i n g e n e r a l , s h o r t e r f i l a m e n t s . BOURSLLY (1966) a l s o p o i n t s 
o u t t h a t H o r m i d i u m p r o d u c e s m a i n l y b i f l a g e l l a t e z o o s p o r e s i n ex> n t r a s t 
t o U l o t h r i x . A c e r t a i n amount o f c o n f u s i o n a l s o e x i s t s i n 
d i s t i n g u i s h i n g B ^ r m i d i u m and S t i o h o c o c g u s a n d FOREST (1954) i n c l u d e s 
t f l - o t h r i x , H o r m i d i u m a n d S t i c h o c o o o u s i n t h e same genus u X o t h c i x ' . 
H o s t w o r k e r s seem t o d i s t i n g u i s h b e t w e e n H o r m i d i u m a n d S t ioh f f i cooeua b y 
i n c l u d i n g a l l s p p . w i t h a p y r e no i d a n t m o t i l e s p o r e s i n t h e genus 
H o r m i d i u m , A l s o S-fcichoooccus i s n o t u s u a l l y f o u n d i n t h e f o r m o f 
f i l a m e n t s o f more t h a n a f e w c e l l s , a l t h o u g h i n ttie c u l t u r e s o b s e r v e d 
h e r e , f i l a m e n t s o f u p t o 4 0 c e l l s have been n o t e d . 
The c o n f u s i o n i s a l s o added t o b y t h e f a c t t h a t i r Qrmidi. \a& L i n d l e y 
i s a n o r c h i d genus and P o t t p r o p o s e s t h e name C h l o r h o r m i d i u m w h i c h i s 
u s e d b y B o u r e l l y * 
The s p e c i e s l i s t e d i n t h e s e r e s u l t s have b e e n i d e n t i f i e d u s i n g 
Ramanathan* s k e y s , g i v i n g t h e a c i d t o l e r a n t H o r m i d i m a s p e c i e s f o u n d a s 
H o r m i d i u m r j v u l a r e KSttzi, ( S y n . P l o t h r i x r l v u l a r e K&%z; S t i c h o c o c o u a 
r i v u l a r e (Kff tz i . ) Gay)* The s p e c i e s i s v e r y s i m i l a r t o .Hormid ium 
f l u i t a n s b u t does n o t b r e a k u p so e a s i l y . 
The common S t i c h o c o c c u a s p e c i e s o b s e r v e d was l i s t e d a s 
S t i c h o o o o o u s b a o i l l a r i s N a e g l i , a l t h o u g h t h e l o n g f i l a m e n t s f i t t h e 
d e s c r i p t i o n f o r H o r m i d i u m p s e u d o s t i c h o c o o c u s H e e r i n g . S t i o h o o o c c u s 
m i n u t u s l i s t e d i s d i s t i n g u i s h e d f r o m t h e v e r y s i m i l a r S t i ^ f t f fpeecwui 
c h l o r e l l o i d e s b y i t s s l i g h t l y t e r m i n a l l y s h i f t e d c h l o r o p l a s t . 
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